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INTRODUCTION 
I 
The problem treated in this thesis is the measurement 
of several physical properties that are extremely useful in 
characterizing motor oils. The problem is a small part of a 
larger problem, the whole of which is a chemical and physical 
study of the effects of use on automobile crankcase motor oils. 
The eleven samples upon which these measurements were 
made were collected after use in a passenger car under varying 
( 1) 
conditions of mileage, weather, etc.. The properties of these 
eleven used motor oils that were measured are specific gravity 
0 
at 60 F gasolene dilution, the viscosity in Saybolt Universal 60°F' 
seconds at l00°F, and at 210°F. The viscosity in:lex for each 
oil was calculated from the data on the viscosities at l00°F, 
and. at 210°F. All naasurements were made according to the 
standard methods of the American Society for Testing Materials. 
II 
The chemistry of petroleum and lubricating oils has 
made rapid progress during the last two decades in spite of the 
lack of cooperation between chemists and engineers, and to a 
slight extent economic royalists. During this time much of the 
work has been governed by the lubricating needs made evident by 
industrial problems. In spite of tbe many advances, the oil 
chemist has not been the last to admit that too much essential 
infor·mati on is still lacking and that the chemi <l3.l nature of 
--------------------------------------------------------------
(1) For a fuller description of these conditions see Table I. 
petroleum is still unknown. Consequently, any contribution to 
the total lmowledge at this early developn:ent al stage is import 
ant. 
"The pure chemical and physical investigation of 
materials by suitable scientific methods enables their chemical 
and physical properties to be ascertained ••••• Thanks to careful 
control of the experimental conditions, the property ascertaine 
in this way has definite significance, in other words it is a 
real property of the material which can be determined as 
objectively as possible. Such objective cbaracteristic values (1) 
(for oils) are few in numbe~ 11 Among such values identifying 
motor oils are specific gravity and viscosity. 
"Viscosity is usually the most important characteristic 
associated with lubricants and provides the principle basisJ ftr 
their selection and use. This in itself would constitute 
sufficient reason fo r leaving no stone unturned in the search 
( 2) 
for information upon the property of lubricant v i scosity. · " 
--------------------------------------------------------------
(1) The Principles of the Testing of Lubricants in the Labora-
tory and~ the Test Bed; The Institution of Mechanical 
Engineers Publicati on, p. 52, Oct., 1937. 
(2) Flow Characteristics of Petroleum Lubricants; Too Institu-
tion of Mechanical Engineers Publication, Oct., 1937. 
See also: Symposium on Lubricants, A.S.T.M. Publication 
p. 77. 
2. 
Little need be sa:id here abrut the mture of specific 
gravity. Gasolene dilution is a measure of the contamination 
of the automobile lubricating oil by gasolene. 
Viscosity is the measure of the internal friction or 
the resistivity to flow of a liquid. In measuring viscosities 
of petroleum prcxlucts, the viscosity values are usually expres 
ed a s the number of seconds in time requ :ired for a certain 
voll.une. of oil to pass thru a stan:lard oriface under specified 
,· ( 1) 
conditions. 
In the United States the Saybolt Viscosimeter is the 
most commonly used apparatus for measuring i::il:e viscosity of 
petrole"um products and lubricants. "It was introduced about 
50 years ago, almost simultaneously with tre Redwood and Engler 
(2) 
vis cos imeters. " 
The following will show the relationship between some 
of t;he expressions for viscosity:-
1. Absolute viscosity measured in poises. 
2. Kinematic viscosity = absolute viscosity • 
specific gravity 
3. Saybolt Universal Viscosity is time in seconds for 
flow of 60 ml of lubricant from the Saybolt vis-
cosimeter under specified conditions. 
--------------------------------------------------------------
( 1) Chemical Refining of Petroleum, American Chemical Society 
Monograph, p. 41. 
(2) Viscometry~ Applied to Petroleum Products in the United 
States; Institution of Me·crenical Engineers Publication, 
oct., 1937. 
4. 
4. Viscosity Conversion formulas: 
(a) Saybol t seconds to absolute Viscosity in poi a· 
es 
v-
-
d ,o.oo22t -~) t 
(b) Engler seco:rlds to absolute viscosity in pois-
es 
v 
-
d (o.oo147t - 3.74) 
t 
v 
-
-
abso+u te Viscosity in poise, 
d : density of oil at temperature at which 
the viscosity is measured, 
t : time in seconds. 
(c) Kinematic viscosity : Saybolt viscosity x 
( 1 f (~ - 100) o.oooo 64} 
DESCRIPTION OF 11 PRECISION'' SAYBOLT VISCOSIMETER AND ITS 
OPERATioNtlJ 
The 11 PRECIS I ON 11 Saybol t Vis cos imeter is de signed to 
comply in every respect with the A.S.T.M. Specifications for a 
bath for the Standards Methods of Test for Viscosity of 
Petroleum Products and Lubricants,--A.S.T.M. Designation: D88-
38. The viscosimeter is designed for the use of oil as the bath 
medium. The heating elements are of the immersion type. .~ple 
stirring of the bath is secured by means of a large stirring 
propeller, wlii:ch pulls trn oil dONn through tl:e heater elements 
in tte center of the bath, forcing it up arrund the sides of 
the bath and the saybol t tubes. When the vis cos ime ter is loc-
ated in position on a level surface it is advisable to ground 
it. 
Tre bath is filled with oil to a level not less than o. p 
em. above the overflow rim of the oil tube. A safe gauge for 
this dimension, which is designated by the A.S.T.M., is to fill 
t he bath to within 13- 11 of the top of the tube. If t he tops of 
the oil tubes are no t exactly concentric with the openings in 
the cover when the cover is in place, the tubes may be pushed 
over slightly with the fingers, tbe re by bending the bottom of 
the bath until they do line up closely. It is important that 
t hey line up closely so that the covers will fit properly on 
the top of the tubes. '.rhe au thor found that if this is not done 
a l a r ge error is introduced in the measurements. 
------------------------------------------------------------ ~--
(1) Extract from "Instructi ons for operating the Pre cision Say-
bolt Viscosimete~' issued by Precision Scientific Co. Chicago Il 
5. 
When the bath is plugged into the power source it is in 
operation. The speed of the motor may be varied by rreans of tl:e 
rheostat to compensate for the change in viscosity of the oil as 
it heats up. A little experience will determine the proper 
speed at which to operate the motor. Unless the speed was 
sufficiently high, the author found that it was practically 
impossible to obtain the required temperature equilibrium. For 
bringing the bath up to temperature quickly after a cold start 
a quick heating coil is provided. This coil is con t rolled by 
a small snap switch located on the left side of the cover. This 
switch throws the quick heat coil directly across the line and 
is tuPred off as soon as the bath reaches the proper temperature 
to prevent damage to the thermometer. 
For assisting the maintenance of the bath temperature 
after it has been attained, an adjustable heating rheostat is 
provided, which may be varied from a minimum of approximately 
30 watts to a maximura of 120 watts. This rheostat dissipates 
heat to the oil in the bath as long as the bath is in operation, 
and is controlled by means of th9 small knob . located in the 
left center of the top alate. To increase such heat, this knob 
is turned clockwise, and to decrease this heat it is turned in 
a counter-clockwise dire ction . This rheostat heat can not be 
used for the l oVIer operating temperatures, and should be turned 
on just; far enough for the higher operating temperatures ·t;o not 
quite maintain the desired operating temperature when the thermo· 
regulator contacts are open, the additional heat required to be 
6. 
added by the intermittent re at coils controlled by the regula-
tor. 
The controlled heat unit, centrally located ~or uniform 
heat distribution, consists of a coil o~ Chromel 11 A11 wire 
immersed in the oil. This coil has a low wattage rating per 
· inch, coupled with quick beat-dissipating characteristics to 
insure instant thermal response when turned on ani off repeat-
edly by tbsthermo-regulator. A neon pilot lamp is provided 
which lights up when these coils are on. 
The tb.ermo-regulator automatically cont r ols the bath at 
any operating point to plus or minus l/10°F when set properly. 
The regulator is provided with a pin and lever which is kept 
in continuous motion by means of a roller, operating on a 
slightly tilted disc on the stirrer sha~t. This imparts a 
slight wiping action to the contacts of the regula tor to keep 
them clean and also continuously b reak s the contacts to prevent 
any tendency to freeze. 
The temperature at which the thermo-regulator will 
regulate is adjusted by means of the thumb screw on the side 
of the regulator case. In spite of the cla irrE of the 
manufacturers to the contrary, the contacts of tre thermo-
regulator and also the motion lever and pin had to be properly 
adjust~ed at each dj_fferent temperature of testing. 
7. 
VISCOSI'rY BY MEANS OF TEE SAYBOLT VI SCOSIMETE.R l 
SCOPE 
1. (a) This method of test is intended for the determina-
tion of the Saybolt viscosity of petroleum products and lub-
ri cants. 
(b) . The Saybolt Universal Viscosimeter is used only f 
oils vdth times of flow of more than 32 sec •• There is no 
maximum limit to viscosity to be measured. 
APPARATUS 
2. The appara t us consists of an oil tube, bath, receiver, 
thermometers, timer, and withdrawal tube, conforming to the 
(2) 
specified requiremen iB. 
(a) Oil Tube.--The oil tube is entirely of corrosion-
resistant metal, and conforms to the certain dimensional requ · 
(2) 
ments . The lower end of the oil tube is locked in place in 
the bath by a nut and has a cork to prevent flow until the test 
is started. 
(b) Bath.--The bath serve s as a support to hold the oi 
tube in a vertical position and as a cont ainer for the bath 
liquid. The bath is equipped with a stirring device and with 
means for heating or cooling. 
The bath temperature necessary to maintain thermal equilib-
rium (while the oil in the oil tube is well stirred by the oil 
---------------------------------------------------------------
(1) Standard Method of Test for Viscosity by means of the Say-
bolt Viscosimeter; A.S.T.M. Designation: D88-38. 
(2) See A.S.T. M. Designation: D88-38. 1938 Suppliment to Book 
of Standards. 
8. 
tube thermometer) shall not exceed l00.25°F or 212.0°F, respec 
(1) 
ively for th3 standard temperatures of testing. '' 
Note .--Since oil was used in the bath as the medium, the author 
found that it was necessary to use oil bath temperatures higher 
than these limits in order to maintain thermal equilibrium (see 
A.S.T.M. Designation: D88-38). 
(c) Rece iver.--The receiver is of glass with a capacity 
( 1) 1 
up to the graduation mark on its neck of 60 ml •• (1) 
(d) Oil Tube Thermometers. 
(e) Bath Thermometer.--An oil tube thermometer was 
used as a bath thermometer. 
(f) Timer.--A stop watch graduated in divisions of 
0. 2 sec. was used fer all mea~urement s of viscosity. 
(g) Withdrawal Tube.--A special smooth tip pipe tte, 
equipped with a rubber suction bulb was used for draining the 
gallery. 
TEMPERA'rURE: OF TES 'riNG AND PROCEDURE 
3. Determinati o ns were made at 100° and 210°F. 
4. {a) Viscosity detemminations must be made in a room 
·free from drafts and rap id changes in temperature. The actual 
room temperature was recorded~ Since temperaturBs up to lOOoF 
will introduce errors less than 1 per cent, the auth or kept the 
room temperature above the average; for at room temperatures 
between 25-30°0, he was able to maintain thermal equilibrium 
---------------------------------------------------------------
(1) For specifications see A.S.T.M. Designati on: D88-38; 1938 
Suppliment to Book£[ Standards. 
9. 
more easily. 
(b) The oil tube was first cleaned with benzene. The 
excess was removed from the gallery. 
(c) Before being introduced into the oil tube all oil 
was shaken thoroughly and passed through a 100-mesh wire strain-
er. A small quantity of the oil to be tested, sufficient to 
wet the entire surface of the tube was poured into the cle aned 
tube and allowed to drain out. The cork stopper was properly 
inserted. The absence of oil on the cork after it had been 
withdrawn showed that it fitted tightly enough to prevent the 
escape. Lubricating the cork with a very small amount of oil 
before inserting it helped in making a tight seal. 
(d) The oil was then poured into the tube until .it 
filled tbe gallery, while adjusting tl~ bath temperature. The 
oil in the oil tube was kept well stirred with the oil tub e 
thermometer. After thermal equilibrium had been obtained no 
further adjustments were made. 'rhe test results were discarded 
if the bath temperature varied by more than plus or minus o.o5°:E 
in tests at 100°F; or by mo r e than plus or minus O.l0°F in tests 
at 210°F. 
(e) After the temperature · of the oil in the oil tube 
had remained constant within 0.02 F. of the desired temperature 
for 1 min. with constant s tirring, the oil-tube thermometer was 
withdrawn and the surplus oil quickly removed from the gallery · 
by means of the wit bdrawal tube so that t 1--s level of the oil in 
the gallery was below t:te level in the oil tube proper. The 
10. 
tip of the withdrawal tube was inserted at one point in the 
gallery. The test was started over again if the tip of the 
withdrawal tube touched the overflow rim, or if the withdrawal 
pippette was moved from its initial position in the gallery. 
(f) The receiving flask was placed in position so that 
the stream of oil from the ontlet tube hit the neck of the flasl • 
This helps in preventing the formation of a froth. The cork 
was then snapped from its position and at the same instant the 
stop watch started. When the bottom of the meniscu-s of the oil 
reached the mark on the neck of the receiving flask, the timer 
was stopped. 
REPORTING RESULTS 
5. The time in seconds as determined by the prescribed 
procedure, with the proper calibration correction, is the 
Saybolt Universal (or saybolt Furol) viscosity of the oil at 
the temperature at which the test is made. Results are reportec 
to the nearest 0.1 sec. for viscosity va JJ:e s below 200 sec. or 
to the nearest whole second for values 200 sec. or above. 
REPRODUCIBILITY OF RESULTS 
6. With proper attention to details of method of procedure 
results in different laboratories with different operators 
under referee or standardization conditions of testing, should 
not differ by more than 0.5 per cent. 
11. 
METHOD OF TEST FOR Dll4UTI ON OF CRANKCASE OILS 
1. This method is intended for the determination of the 
amount of dilution in crankcase oils of engines when gasoline 
has been used as the fuel. 
APPARATUS 
2. (a) General.--The apparatus consists of a glass .flas1c, 
heated by a gas-burner flame , and provided with a reflux water 
condenser discharging into a trap for collecting the distillate 
The trap serves to collect and measure the diluent, returning 
condensed water to the still. 
(b) Trap.--The trap is of glass and graduated from 0 t 
12.5 ml. in 0.1-ml. divisions. 
(c) Flask.--The glass flask was of tbs short-neck, 
round-bottqm- type, with a nominal capacity of 1 liter. 
(d) Cond~nser.--The condenser was of the water-cooled, 
reflux, glass-tube type. The end of the condenser to be insert 
ed in the trap had been ground off at an angle of 60 deg •• 
(e) Burner.--A meker burner was used and adjusted so 
that a narrow flame coming to a point about 4 in. above the top 
of the burner was obtained. 
PROCEDURE 
3. The sample was mixed thoroughly, and 25 ml. was measure 
into a 25-ml. graduate and then transferred to the flask. By 
washing out the graduate with boiling hot water only a negligible ~ 
amount of oil remained in the graduate. Approximately 500 ml. 
12. 
of water was added to the flask and tm apparatus as·sembled , 
after filling the trap with wat er. The tip of the condense·r 
was · placed directly over tbe indentation in the t rap. 
Heat was applied with the full flame as indicated above. 
Tbe rate was such ~at refluxing started within from 7 to 10 
" 
minutes after the heat was applied , tbe water being at room 
tempe-rature initially. The success of the rethod depends on 
heating at such a rate that boiling is continuous and vigorous 
enough to · prevent the oil from forming, even momentarily, a 
.continuous film on top of the water. (note 1) 
· . Note 1. Bumping with a tendency to froth over was exper.;. · 
ienced with the oil samples and was prevented with great succe~~ 
by tbe addition of bits of porous . p late. 
Readings of' the amount of diluent were made at the follow-
ing. times, taken from the tire that refluxing started: 5, 15 
and 30 minut e s, and each 15 minutes follmving, until the test 
was complete . completion of the test was determined on t te 
basis of either or both of the following criteria: 
11 No. 1.--Test is complete when tre volume of diluent 
increases by not more than 0.1 in any 15-minute period during 
the course of the test. 
No. 2.--Test is complete when the volume of diluent 
obtained in a given time indicates completion, as follows: 
13. 
TIME FROM START 
OF REFLUXING 
TEST IS COMPLETE IF APPAREN'I' 
VOLUME OF DILUENT COLLEC'I'ED 
. IS EQU _tffi TO OR IE SS THAN 
5 
30 
60 
90 
a 
minutes • •.••...•••......••..•......•...•• 0.1 
II 
II 
II 
•••••••••••••••••••••••••••••••••• 2 .o 
••••••.••••••••••.••••...••••••••• 4. 0 
..................•..••..........• 7 .o 
Report as • no dilution. t ·, 
ml.a 
ml. 
ml. 
ml. 
Generally criterion No. 1 defines the completion of the 
test, but when the test continue.s to a point at which any of 
the conditi ons described under criterion No. 2 are encountered 
the latter shall define the completion of the test. 
When the test is complete by either of the criteria above 
the heat shall be turned off. After standing at least 15 
minutes, to allow the distillate to settle clear and to cool 
to approximately room tempe ra.ture, the volume of diluent shall 
·be read. The percentage dilution is obtained by multiplying 
( 1) 
this final volume by 4. " 
4. Duplicate determinations were made on all samples 
of used motor oils. More check runs were not made because 
for dilutions under 5 per cent a reproducibility of 20% is 
sufficiently accurate. 
-------------------------------------------------------------
{1) A.S.T.M. Designation D322-35 
14. 
·, 
'! 

short time at approximately 14°0. 
At this point, when stirring of both water andoil no longer 
changed the temperature and tre equilibrium persisted, cooling 
by means of the circulating coil was regulated so that a grad-
ual, slow increase in temperature took place. With sufficient 
care, it was possible to get the temperature of the oil ani the 
water bath to increase at the same rate. Hydrometer readings 
were taken at convenient 5-10 minute intervals until a final 
reading at 15.5°0 was obtained. 
Check reading"lwere easily obtained by rapidly cooling the 
water bath to 15.0°C and repeating the above operations. 
16. 
TABLE I 
DESCRI Pr ION OF MOTOR OIL SAMPLES 
BRAND TOTAL MILEAGE SEASON NOTE 
MILEAGE RANGE 
B-1 Quaker State 4,610 
S.A.E. #40 
(with lead) 
B-2 Kendall 3,450 
S. A. E. #30 
B-3 Ken:lall 1,575 
S .A .E. /I20W 
B-4 Quaker State 4,700 
S.A.E. #40 
(with lead) 
B-5 Kendall 
S.A.E. #40 
B-6 Kendall 
S.A.E. #30 
B-7 Kendall 
S.A.E. #50 .· 
4,434 
2,825 
1,7?2 
----- - August,Novembe r ---------
1937 
------ March,July In bucket 
1937 all winter 
23,500- 4-1-39 
25,075 ------ Removed 
------ August,December Addition 
1938 of Kendall 
S.A.E. #30 
Removed September 14, 1938 
at mileage reading: 21,734. 
25,075-
27,900 
2 ·1;7~4-
23,806 
July ,April 
1939 
Removed November 20, 1938 
B-8 Kendall 
S.A.E. #20W 
3,300 -------- winter 
1938-39 
B-9 Kendall 
S.A.E. #30 
B-10 Kendall 
S.A.E. #30 
B-11 Kendall 
S.A.E. #40 
I 
3,000- -------- June 1937 
2,900 
-------- March,June In bucket 
1938 all summer 
5,115 27,900- Nine quarts 
33,015 June,Novembe r #30add-
193 9 ed 
17~ 
EXPERI ME NTAL RESULTS 
The data obtained in the measurement of the viscosities 
of the motor oil srunples are found in Tables II --VII. The 
viscosimeter was equipped with two oil tubes. For the purpose 
of identification alone, one was called the right tube and the 
other the left tube. 'rhis was necessary in tabulating the data 
because the right tube, throughout the cour se of the tests, 
gave viscosity readings that were approximately 1% higher than 
those of the left tube . Changing the positions of the tubes in 
the oil bath did not change this diff erence in delivery between 
the t wo tubes. The viscosity data has been arJffinged i n this 
way for another reason. It will be noticed that, for . any one 
sample of crankcase motor oil, the vi scosity values of one 
tube agree with each other but not with the corresponding value~ 
of the othe r tube. Obviously these two sets of values are ·not 
directly comparable until suit able correction has been applied 
(1) 
to each value. This corTection can be applied to each read-
ing after the oil tubes have been standardized. 
Table II contains the original data obtained by measuring 
the viscosity of the eleven samples at l00°F. The data for 
each tube has .been listed separat ely. This table does not 
inclu de those viscosity values which do not agree with every 
---~-------------------------------------------------------
(1) For methods of calibration of oil tubes see A.S.T.M., 
Designation: DBB-38 
18. 
(1) 
condition of the Standard Method of Test. The room 
temperatures at which each test was made are also included 
in Table II. 
Table III contains the average va Jue s of the data in Table 
II. · 
In Tables IV and V are found the original and average 
values of the viscosities of tre eleven motor oil samples, 
at 210°F. The treatment accorded these results is the same as 
that a.:f Tables II and III. 
In order to simplify the use of the viscosity measureme nts 
the ave rage values fbr each oil sample in Table III and Table V 
were again averaged. In other words the left tube viscosity 
value for each oil was averaged with the corresponding right 
tube value. This data is found in Table VI. 
The Viscosity Indices of all the oils are listed in Table 
VII. In columnsA .andB are listed the values obtained through 
interpolation of the viscosity data of Table VI by means of 
the Series Hand L Oils, Viscosity Data : Chart (see footnote 1, 
Table VI; and also footnote 1, Table VII). The remainder of 
the table is self-explanatory. 
In Table VIII are listed the specific gravity readings for 
each oil. The specific gravities listed in Table X are the 
average of the values in Table VIII. 
---------------------------------------~---------------------
(1) See A.S.T.M., Designation: D88-38 for conditions under 
which a ·test result is discarded and repeated. 
19. 
In Table IX will be found both the actual volume. of dil-
uent obtained in each test and also the average of these 
results for each oil. Since a reproducibility of 20% in the 
measurement of dilution is sufficiently accurate, the average 
value for each oil represented in Table IX is the average of 
two tests made concurrently. TVro traps were used. Since 
measurements between the two varied between 5 to 10%, the 
results are entirely within the required limits of accuracy. 
In Table X the pe roentage of gasolene dilution of tl:e oil 
sample are listed• The percentage dilution was obtained by 
multipl·ying the average volu·me of dilution by four. 
20. 
21. 
TABLE II 
TABULATION OF ORIGINAL VISCOSITY 
DATA 
SAM PIE ROOM VISCOSITY AT l00.°F 
TEMPERATURE LEF'I' TUBE . RIGHT TUBE 
B-1 27°-28°C ·287.8 'sec · 285.6 se c 
288.2 286.4 
B-2. . 0 . 0 26.8-26.5 c 472.8 470.2 
473.4 470.4 
473.6 470"8 
471.0 
B-3 27°c 303.6 300.4 
25°C 303.2 301.2 
300.8 
B-4 26°C 480.0 475.6 
479.6 .476 .2 
479.8 475.8 
B-5 26.5°C 503.8 498.2 
504.2 499.8 
B-6 24.5°C 547.4 544.6 
' 548.8 544.6 
B-7 25.5°C 462.2 458.4 
461.4 458.4 
B-8 ------ . 296.8 295.4 
296.6 295.4 
B-9 26.8°C 435.2 430.4 
434.4 431.8 
B-10 26.6°C 483.4 478 . 4 
482.4 476.8 
476.4 
B-11 24.5°C 399.4 396.2 
398.2 394.4 
22. 
TABLE III 
. ( 1) 
AVERAGE VISCOSITY AT 100.0°F 
SAMPLE LEFT TUBE RIGHT TUBE 
B-1 288.0 sec. 286.0 sec. 
B-2 473.3 470.6 
B-3 303.4 300.8 
B-4 479.8 475.8 
B-5 504.0 499.0 
B-6 548.1 544.6 
B-7 461.8 458.4 
B-8 296.7 295.4 
B-9 434 .8 431.1 
B-10 482.9 477.2 
B-11 398.8 395.3 
1---- ____ ..;. ------------------------------ ----------------- --- ·- ----
(1) Viscosity a t 100.0°F, measured in seconds. 
23. 
TABLE IV 
TABULATION OF ORIGINAL VISCOSITY DATA 
SAMPLE ROOM TEMPERA'lUffi VISCOSITY AT 210. °F 
LEFT TUBE RIGHT TUBE 
B-1 ------ 53.4 sec 53.6 sec 53.4 53.4 
B-2 24.5°C 64.0 62.4 
63.4 62.6 
63.8 62.2 
62.4 
62.8 
B-3 29.°C 54.6 53.4 
53.8 53.2 
B-4 ----- 65.2 63.8 
64.8 64.2 
65.0 64.4 
B-5 26 .5°C 65.6 64.6 
65.2 
25.5°C 65.2 64.4 
B-6 25.6oc 65.4 65.0 
65.8 64.6 
65.6 65.0 
64.8 
B-7 23.8°0 62.4 62.0 
62.6 62.0 
62.4 
62.6 
B-8 24.8°0 53.2 52.4 
52.8 52.4 
52.6 52.6 
B-9 26.8°0 61.4 60.6 
61.2 60.6 
61.4 
B-10 25.o0 c 63.2 62.6 
63.4 62.6 
B-11 24. 5 °(_.... 59·.;8 59.0 
59.8 58.8 
60.0 
24. 
TABLE V 
210.0°F 
(1) 
AVERAGE vrscosrrY AT 
SAMPLE LEF-r TUBE RIGHT TUBE 
B-1 53.4 sec. 53.2 sec. 
B-2 63.8 62.5 
B-3 54.2 53.3 
B-4 65.0 64.1 
B-5 65.3 64.5 
B-6 65.6 64.8 
B-'7 62.5 62.0 
B-8 52.6 52.4 
B- 9 61.3 60.6 
B-lo 63.3 62.6 
B-11 59.9 58.9 
----------------------------------------------------------------
(1) Viscosity at 210.0°F, measured in seconds. 
TABLE VI 
(1} 
AVERAGE vrscos I'lY OF TWO TUBES 
SAM PLE AT l00°F AT 210°F 
B-1 28'7.0 sec. 53.3 sec. 
B-2 4'71.9 63.2 
B-3 302.1 53.;'7 
B-4 4'7'7.8 64.5 
B-5 501.5 64.9 
B-6 546.3 65.2 
B-'7 460 . 1 62.3 
B-8 296.1 52.5 
B-9 432.9 60.9 
B-10 480.1 62.9 
B-11 39'7.1 59.4 
----------------------~----------------------------------------
(1) Average viscosity at 100°F is value U in the interpolated 
data and the Viscosity Index equation. 
25. 
========~====--~-==-~====================================================W========= 
26. 
TABLE VII 
( 1) 
SAM PIE A B : c D V.I. 
B-1 310.1 535.8 225.7 248.8 110.2 
B-2 481.6 904.8 423.2 432.9 102.3 
B-3 316 .9 550.2 233.3 248.1 106.3 
B-4 505 .. 956.0 451.6 478.2 106.0 
B-5 512.2 972.0 459.8 470.5 104.5 
B~6 51'7.6 984.0 466.4 437.7 93.8 
B-'7 466.1 869.0 402.9 408.9 101.4 
B-8 296.5 508.0 211.5 211.9 100.1 
B-9 441.3 815.2 3'73.9 382.3 102.2 
B-10 476.3 893.0 416.'7 412.9 99.1 
B-11 415.2 '758.2 343.0 361.1 105.2 
- - - - -
A -
-
Viscosity at 100°F Series H 
B: Viscosity at 100°F Series L 
c : Diffe renee . L-H . 
D : Difference L-U 
Viscosity Index (V.I.) = L-UX 100 
L-H 
----------------------------------------------------------------
(1) Viscosity Data at 100° degrees of series H & L oils for 
viscosities at 210 Deg. F. 
27. 
TABLE VII I 
TABULATION OF ORIGINAL DATA ON SPECIFIC GRAVITY AT 15.5°0 
.\ 
B-1 0.8790 
.8785 
.8788 
B-2 .8872 
.8872 
.8872 
B-3 .8825 
.8825 
.8824 
.8825 
B-4 .8880 
.8878 
B-5 .8886 
.8882 
.8884 
.8882 
B-6 .8882 
.8884 
.8882 
B-7 .8874 . 
.8875 
B;..8 .8830 
.8828 
.8830 
B-9 .8864 
.8865 . 
• 8865 
B-10 ~8878 
.8878 
.8878 
B-11 .8860 
.8858 
.8880 
.8860 
.8858 
28. 
TAB IE DC 
TABULATION OF ORIGI NAL GASOLENE DILUTI ON DATA 
SAMPLE VOLUME OF DILUENT A\'ERAGE 
B-1 1.08 m1 1.09 m1 
1.13 
1.08 
B-2 0.62 0.59 
0.56 
B-3 1.06 1.05 
1.04 
B-4 1.10 1.06 
1.02 
B-5 0.98 0.99 
1.00 
B-6 0.64 0.59 
0.54 
B-'7 0.88 0.82 
0.'76 
B-8 0.90 0.93 
0.96 
B-9 0.'74 0.'71 
0.68 
B-10 0.60 0.58 
0.56 
B-11 1.12 1.13 
1.14 
29. 
TABlE X 
SAMPLE SP. GRAVITY DILilliON 
60°F 
60°F 
B-1 0.8787 4.36}f 
B-2 .8872 2.36 
B-3 . .8825 4.20 
B-4 .8879 4.24 
B-5 .8883 3.96 
B-6 .8883 2.36 
B-7 .8875 3.28 
B-8 .8830 3.72 
B-9 .8865 2.84 
B-10 .8878 2.32 
B-11 . 8859 4.52 
Sill\lMARY AND CONCLUSION 
Eleven samples of used motor oils were examined by three 
standard methods to dete rmine the values of some physical 
properties of these used oils, namely: viscosity in seconds 
at l00°F and 210°F; the viscosity index; the specific gravity; 
and the percent of gasolene dilution. 
Compared with data that was gathered by others interested 
in this problem, the data obtained from this investigatbn 
( 1) 
permits the following conclusions to be drawn: 
1. No change in gravity from original oil with season 
or mileage. 
2. Decrease in viscosity compared with new samples of 
corresponding S.A.E. number. 
3. Decrease in Viscosity Index based on sample of Kendall 
#30. 
4. Slight increase in gasolene content with mileage and 
decreasing seasonable temperatures. 
-----------------------------------------------------------
(1) Credit for these conclusions belongs entir•ely to 
Dr. E. o. Holmes. 
30. 
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